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Abstract 


■The charaxjlerirtics of a Dielectric Rod Antenaa, excited tjy a Suspended StripLine 
(SSL) are studied experimentally. Different pejameters are considered, such tis the 
length of the dielectric rod, the effect of shaping the dielectric rod and finally the 
effect of rfiortlng out the side radiations. An approximate analysis using Green’s 
function has been presented. The study aimed at characterizing the antenna, in 
terms of its physical dimensions, for array applications. The SSL, due to its planar 
structure was used for the feeding arrangement . 
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Chapter 1 


Introduction 

1.1 General 

DLelec'lric tuiiiGanaer are primaiy radla^orgf wiiich employ a eyetem of dielectric ele- 
meats, asr dlertlact from a syslem of conductorer, io radiate EM energy or to collect 
raydlated EM energy. Thlgr definition does not include dielectric lenses, and which may 
be regarded as phase correction devices. Lenses are essentially secondary radiators 
which are excited by primary radiators. 

There exists a family of sucii dielectric antennaa, the principal members being : 

1. The solid dielectric rod, jSgure 1.1. 

2. The hollow dielectric tube, figure 1.2. 

3. The dielectric horn, figure 1.3. 


1 



2 



Figure 1.2: Hullaw dielectric tube 


Flj^ure 1.3: Dleledrlc Uoru 


EM waveet may be guided along Ihe luclg of a cylinder, of arbitrary cropy yectlon, 
at the surface of which exists a discontinuity In the dielectric properties of the me- 
dia inside and outside the cylinder. A rod of dielectric material is an example of 
such a system. 

1.2 Literature survey 

Dielectric rod radiators have been studied and analyzed using various modes and 
means of analysis. However, no literature or reference is available on a dielectric rod 
radiator excited by a planar strip arrangement, either as a single element or in an 
array form. 

When correctly dimensioned, (1] this radiator gives a jdngle lobe radiation pat- 
tern with its maximum in the direction of the axis of the rod and its directivity 
proportional to the length of the rod. 

Kishk and Shafal in their study, [1] have given a numerical solution to the dielectric 
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rod, radiation charocterlstlca. They assumed the rod as a dielectric wav^:uidc excited 
by a microwave metal waveguide. The far-field patterns were calculated, which were 
subsequently used to calculate the beamwldth, gain and Its application as a feed for 
paraboloid reflector antennas. Different rod lengths, dielectric constant, rod diameter 
and different shapes were studied. They observed that by increasing the rod length 
tiie beam-widths could be decreased, i.e. the gain increases. Peak eross-polarbation 
could be decreased by increasing the rod diameter, though it could be affected by the 
dielectric constant. It was found that the gain of the antenna could be increased by 
increasing the dielectric rod extension, the dielectric constant or the rod diameter. 

A modal analysis of the dielectric rod antenna was prei»nted by, [2]. They deter- 
mined the gain, power radiated and beamwldth by enclosing the dielectric rod in a 
\ * 

conducting pipe and assuming the pipe radius as very large. The radiation patterns 
and far-field amplitudes were detemiined for a wavelength of 10 GHz. Three rods 
of different diameters and dielectric constant were studied. As per their ajialysis, a 
reduction in the rod diameter, at a given frequency, widens the near-field beamwdth, 
? [3] , have presented a radiation characteristic of piece- wise homogeneous dielectric 
rod antennas. A scattering method was applied to the study of the radiation char- 
acteristics, using the volume equivalence principle. To Improve the matching of the 
hybrid BBii mode to the free space, they tapered the dielectric rod. The piecewise 
homogeneous dielectric antenna was composed of two rods of same cross-sectional 
dimensions, but with different permittivities. Thus, the matching was realized by 
continuously decreasing the rod permittivity. 

Analysis of the dielectric rod available, [4], [5] ,etc have treated the dielectric rod 
as amvegulde excited by means of a probe, dipole, or as an extension of a waveguide. 

Kiely’s now classical monograph, [5] did much to stimulate the considerable inter- 
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est that wajsto follow, as did the amllablllty of Improved types of dielectric material. 
Klely, in his monograph, has provided a critical review of the work existing upto 
1953, previously scattered throughout the literature and to collect the design data. 
He approached the problem by three different methods. Bach of these methods in- 
volved their own asBumptlooB and did much to shed light on the behaviour of the EM 
field in gucli cireum^ftane^« and to provide degdgn data. Very little material has been 
provided upon antenna impedance and ite variations with frequencies and antenna 
dimensions. 

Professor Chatterjee, [6] in her book has provided the only, recent text on the 
topic since Kleiy ’s monograph, the book performs as a mference work and as a guide 
for practical microwave antenna design. 

In the interval between [5] and [6], a considerable ampount of work, both theory 
atid experiment, has been done by [7], [8], [9] and others, on cylindrical surface waveg- 
uides and antennas Including dielectric rod antennas. The recent renewed interest 
and the extensive work on dielectric waveguides by [10], [11] and work on optical fi- 
bres by [12] and [13] for use at optical frequencies have created scopes for applications 
in the mm-wave region. 

1.3 Dielectric rod as an array element 
1.3.1 Planar feeding structure 

fbr the dielectric rod radiator feeding structure, keeping In view the array applica- 
tions and the structure compactness, the Planar trammission line was choosen. 
The choices available for the planar feeding structure were the strlpllne, mlcrosirip, 
suspended strlpllne, etc, 
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1.3.2 Advantages/disadvantages 

The srtrip trangfnii&Brion line conifdBrtgf of a flai frtrip coriducior shuated pytnmeiricaily , 

? 

between -two ground plane?. The dominant mode of propagaiion I? TEM/wtth the 
electric and magnetic field components lying entirely in the transverse plane. 

In a microstrip, figure 1.4, a strip conductor on a dielectric substrate - the 
reverse side of which is metallized, a pure TEM mode cannot exist. However as the 
frequency increases above the microwave region, the dielectric substrate thickneasf 
reduces, thereby posing fabricational problems. 

Microstrip antennas have extremely narrow bandwidth because of high Q-factor., 
This can be overcome using parasitic elements or increased thickness. However, there 
would be more power loss due to surface wave. Efficiency of such antennas is very 
low because of considerable loss in the feeder network. 

The SSL uses a thin dielectric substrate, containing the strip conductor, sus- 
pended midway between the top and the bottom ground planes. 
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1.4 SSL selection criteria 

A belter baadwldth, efficiency [14] and potential can be made available using a SSL 
excited antenna, The SSL feeding network Is a low loss structure. It Is more cost 
effective, since a thin, low price can be used without substantially increasing the 
losses. 

1.4.1 Conductor foss mininimised 

The presence of air gap In these structures reduces the concentration of EM energy 
near the ground planes. Hence, the conductor loss, which is the major contributing 
factor to the total loss Is far less than in a microstrlp. 

1.4.2 Effective dielectric constant 

Another effect of the air gap is to reduce the dielectric constant of the 

medium which results in an Increased width of the strip conductor, and, thus, fabrl- 
catlonal ease at even millimetre frequencies. 

1.4.3 Structure robustness and Fixation 

The dielectric substrate, with the planar feeding structure, sandwiched between the 
top and the bottom g;round planes Is provided with an Inherent mechanical robustness 
and support. Also, the fixation and stability of the dielectric rods is resolved as these 
can be held perfectly stationary and with correct allgriment, onto the SSL, tlirough 
holes drilled in the top ground plane. 



8 

1.4.4 Planar feeding 

The disadvantage for an arra^. system is that the fee<J network must lie in a separate 
loyer behind the radiating surface, so the complete antenna cannot be etched on 
a (!iiiigle substrate. There is a consequent Increase in complexity. An additional 
disadvantage Is that extra mechanical complexity and Increased manufacturing costs 
result due to the need for inserting secured probes. 

The planar feeding structure for an array could consist of a feed at one end, and 
the strlpllne branching off to the array dielectric rods positions. 

1.5 Configuration studied 

For this thesis the configuration studied, considering the above, is the SSL a^xcittd 
dielectric rod radiator. A single element, using circular-cylindrical Ihflon rods, and 
one tapered rod, for varying stripline lengths was studied. 

1.6 Array design characteristics 

For an array, linear or planar, the characteristics desired would be: 

• Highly directive elements, thus employing fewer elements. 

• An uniform and easy to fabricate feeding srtructure (Planar transmission line). 

• Preferably In the horizontal plane and with maximum radiation In the plane 
normal to it. 

• A single main lobe with small side lobes. 


♦ Steerability of the main beam. 
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1.7 Scope of study 

An array consitrts of discrete elements, which are ordinarily identical and are simi- 
larly oriented for analytical and operational convenience. A linear-array of discrete 
elements is an antenna consistirig of several individual and distinguishable elements 
whose centres are finitely separated and fall on a straight line. 

^ In order to analyze an array, it is necessary to characterize a discrete clement in 
; all its entirety and properties. 

The scope of this study is an experimental collection of data in order to charac- 
terize a single Sbl excited dielectric rod radiator, for array applications. 
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Chapter 2 


Applications of Dielectric Rod Antennas 

2.1 General 

Dielectric rods have found several applications in practice where their special features 
make them particularly suitable and where their principal limitations are not of 
major Importsunce. Where one requires a non-metalllc antenna or one with its largest 
extent in a longitudinal direction, the dielectric rod is a suitable choice, its radiation 
pattern characteristics change very little with frequency which is advantageous from a 
communication point of view where frequently wide ranges of frequency are used. The 
rod also seals the aperture of its excitatioin system and the antenna Is mechanically 
strong and robust. The effect of rain and moisture, [6], on the surface of the rod is 
detrimental to antenna gain and becomes increasingly so the higher the frequency 
emplqyed. This effect limits the use of dielectric rod antennas to the longer centimetre 
wavelengths when the antenna Is to be used out of doors on a non-weather -proof 
mounting. 
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2.2 Feeds 

Short dielectric rod have been used to feed lenses as their radiation patterns are 
somewhat more flat-topped and provide relatively uniform illumination for a lens 
with smaller spill- over than is generally obtained from horn-feed systems. 

2.3 Arrays 

Arrays of two and four dielectric rods were extensively used in Germany during 
the last war as radar antennas and as search antennas for detecting allied radar 
transmissions. Their advantages in these applications are that they are non-mctalllc 
and can be designed to have very small windage, clteKiOS, thus facilitating high 
rotational speeds which was particularly useful in the case of -search radars. 

A largo rectangular array of forty-two dielectric rods was designed in America at 
the Tthphmt laboratories and was used by the American Navy for gunnery 
fire control purposes. 

It consisted of fourteen identical elements in a horizontal array; each element was 
a vertical array of three dielectric rods. The phase of each element was controlled 
and varied to produce beam-scanning in the horizontal plane, which required thir- 
teen rotary phase changers geared and driven together in mechanism. This antenna 
represents the most extensive use of dielectric rods in practice to date. 

2.4 Direction Finding 

Dielectric wids excited in the Boi mode, [IS] , have a sliarp null in the forward direction 
with a major lobe on each side. They could be used with advantage in certain types 
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of direction-finding equipment in which portion finding on a sharp null is more 
accurate than on a broad maximum. They could also be used as beacon antennas 
if mounted vertically as the radiation pattern in the plane normal to the axis of the 
rod Is a circle and there is no radiation in the vertical direction. 



Chapter 3 


Input Impedance: Approximate Analysis 

3.1 Introduction 

The SSL, becauge of ilg low loftg, provideg an attractive planar feeding gtructure at 
microwave and millimetre wave frequencieg. No reference or paper ig available on the 
analyglg of tfalg gtructure. In thlg chapter a brief Introductory procedure ig given, thig 
can be elaborated upon In the future gtudieg for better characterization of the SSL 
excited dielectric rod antenna. 

3.2 Approximations 

For the purpose of analysis, the structure may be visualised as a transition of a SSL 
to a circular dielectric waveguide. The bottom ground-plane may be viewed as a 
shorting plate, at one end of the rod, so that the structure radiates only from the 
other end. The effect of difference between the SSL substrate dielectric constant 
(2.22) and that of the Teflon rod (2.1) is neglected. The conductor strip is assumed 
to be of negligible thickness, and width w. Any presence of air-pockets between the 
rod-end and the SSL substrate is neglected. 
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3.3 Analysis 

Figure 3.1 illuRtrat«8 the type of SSL probe dielectric rod antenna to be analysed: 



Figure 3.1: SSL Probe Dielectric Rod Antenna 

It consists of a small SSL probe terminated, radially, In the centre of the guide. 
The probe extends to a distance L within the guide. The bottom ground- plane, at a 
distance 6/2 - d, Is assumed as a short-circuit. 

The electric held in the guide may be determined from the electric currents flow- 
ing on the SSL probe and In the aperture surface. Let G be the Green’s function 
corresponding to the electric field radiated by a unit source. The radiated electric 

field by the SSL probe and aperture surface currents will be given 

\ 

Mi — • Jdz, 

J 18 the assumed current distribution on the probe. S is the total surface (So + S',, 
where S, is the SSL probe aperttjire surface and So is the SSL surface). The field 
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sat'iEfSeg the following boundary conditions: 

h>cM, on S,. 

— 0, on St). 

Dot multiplying cqn by J a-nd Integrating over the total surface S, we get: 

!j'Eidz = !jJ-G-:!'dzd£. 

The input impedfuice of tha antenna, at the aperture plane la equal to — V < 
Hence we have: 

^ I»I,J ‘G ' J*dzdxf. 

/* ig the Input current. 

Ag the probe Ig aggumed to be thkij and glmllar to a stub antenna above a con- 
ducting plane In free space, the current is assumed to be approximately sinusoidal. 
A current distribution of the form / =s TisinkQ{d — y) + /^[l — cosAo(fl! -■ y)]^ is as- 
sumed. The current sheet approximating this probe Is J = 75, where S is the itnpulsn 
function or delta function. 

Evaluation of the Integral gives us asr a function of 7i and /g. To solve for the 
values of Ji and / 2 , we equate and to aero, which render the 
integral expres^on for stationary. 

The field may be found in terms of a vector potential function A by means of 
the following equations: 

JSr: 

j 5 = V X i. 

We define a Green’s function Si = a solution of the following inhomoge- 

neous equation: 

V^a + k^a = a,a,5(a: - x')S(t/ - y')S(x - d), 

and satisfies the boundary conditions: 
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G = 0, at a: = 0, a ; 

y = 0, 

Tho tangcntittl electric field to be derived from G (corresponding to a vector 
potential from a unit y-dlrected current element) must vanish on the guide boundary. 

Jbr a uniform current dUrtrlbutlon /= d^J^^nkid) on the SSL probe, the vector 
potential A ig ^ven by: 

— “^o/, ^ • Jdaf, where da' ie an element of area on the SSL probe eurface. 
Integrating the complex Poynting vector over the SSL opening, we get: 
IVT^HnkoL = IVJoMnkoL = 
asf /* at the bage ig real and equal to I^juinktil. 

This ghould be the total power P, plug the time average net reactive energy in 
the dielectric guide. The integral can therefore be Interpreted ag ^ /, J ■ C? • Jdada' 
ag giving the complex power, 

P, -H 2jai(W^ - W^) into the guide. 

To determine the power flow and rective energy in the field, we have to integrate 
and evaluate over the probe gurface, Jda, 

FVomthe approximation that the probe ig negligibly thin, and algo 27r(f Jo) = Jo, 
the total current on the probe, we have the real part giving the power radiated into the 
guide and the imaginary term giveg the time-average reactive energy in the gtanding 
wave between the SSL probe antenna and the ghort circuited end of the guide. 

The input impedance ig given by, [16] : 



18 


3.4 Conclusion 

A completely rigorous solution of SSL excited dielectric rod antenna, boundary- value 
problem is just os difficult to obtain as the solution for anterinas located in free 
space. Nevertheless, by maJdng suitable approximations, solutions for a SSL probe 
in a dielectric rod waveguide can be obtained. 


/ 



Chapter 4 


Experimental Study of the Dielectric Rod 
Radiator 

4.1 General 

The scope of this study was mainly experimeutal, to study the effect of variation 
of the length of the probe in conjunction with the dielectric rod dimenaong and 

the changes in input impedance) gll characteristicg, and the approximate radiation 
pattern. 

4.2 Design approximation 

The dielectric rod ratjlator was excited by a A'iJi^ipended sMpA'n^SBL), Keeping in 
view the siae compactness, and the test measurement equipment limitations, the gap 
between the either ground planes and the strlpline dielectric substrate was kept to 
0.1cm. The thickness, d of the substrate, RT-duroid, was : 

This gave a b, gap between the ground planes, equal to 0.28cms (0.1-I-0.08+0.1). 
Using the data from [17] these values of b and d gave, for an input impedance of 50 
Ohms (coaxial impedance) : 
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Figure 4.1: SSL Dimeneions 

& « 0,28 cm 

d - 0.08 cm 

i = 0.2857 

6 

V) 

-r = 1.16 

0 

v) = 0.322 cm. 
for Z = 50.23 ohmji 
€/ = 1.234 

The dimensions of the ground planes(L) was taken os S.Ocms for compactness and 
easy handling, L>>w. The material used was Aluminium for easy machining. 

The strip (w - 0.32oms) was cut on the Rubylith sheet of size 6.0cm square. This 
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then printed en ^ RT-duroid using photolithogra,phic process. The strip wa.s 
ftiigned on the centre line end upto the centre of the PCB squere : 



\ 

^sr 

'4- 

2 5 

1 

2-tW777777m 





I 

1 


I ± i± 

K SO^ H 


Figure 4.2: Strip Dimensions 


4,3 Ground planes 

The ground planes were selected of Aluminium (3mm thick) of 5.0cm square dimen- 
sions. lb create the SSL structure each ground plane was milled on each side to a 
uniform thickness of 2.8mm, for flatness. A cavity of depth 0.1cm depth was created 
on one sideof each ground plane, leaving a border of 6.0mm to enable drilling and 
screw-nut tightening. 

This created a hollow of 4.0cm square and 1.0mm depth on each plane. A channel 
was cut on one side of each plane for the stripline to pass through without touching 
either plane. 


. - '-RARV 

I I, 5, :■ a 
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The substrate was sandwiched between the ground planes, with the stripline pass- 
ing through the channel and a space of S.Omrn, from the strip centre, on each side. 
This structure was hold together with screw and nuts through holes drilled along the 
sides. This also helped to align the stripline In the correct configuration. 

4.4 Feed structure 

To fix the coaxial connector on the aesembly, a aluminium piece was machined to 
precise dlmeneionfif ai( shown in the figure 4,5. The hole wag aligned accurately to 
etisurc tliat the centre conductor was to lie on the precise centre of the stripline, 
making good eletrical contact. The dielectric between the centre conductor and the 
outer sleeve was not to protrude even a fraction of a millimetre to ensure flush fitting 
of the assembly with the radiator structure. 

The SSL can be fed by standard in-line coaxial connectors at microwave frequen- 
cies. In this ca^ the ground plane spacing is generally larger than the inner diameter 
of the outer conductor the coaxial connector with the result the fringing field of the 
SSL gets intercepted by the outer conductor of the coaxial line. 
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This was fixed to the lower ground plane by screws, thus, enabling the top ground- 
plane to be easily slid out/ln for changing the dielectric rods and varying the stripline 
length. 


4.6 Dielectric Rods 


By the equation [6], the diameter,i)TO 03 . of the dielectric rod at the feed end wag given 


by : 



for a tlegign wavelength of An = Sctru, this gave a Dtoiw l.SScrriJSr. 

Ag a compromiee and matherrig.tica] sdmplificationg, the diameter wag kept at 
l.Ocms. A step of 0.5mm at the feed end wag -made to ensure a tight fit of the rod 
on the stripline, whatever be the measurement plane orientation, 

A hole of dimension 1.0cm diameter, at the top ground plane centre, wag drilled 
through which the rod could be passed and kept in a fixed plane. 

A disc, of thickness 1mm, and diameter 1.0cm, was madilned to be kept between 
the lower ground plane and the stripline substrate. This was aligned to the precise 
centre of the lower ground plane and fixed permanently by adhesive. 

Three rods of similar diameter, using Teflon, but of varying lengths 1.0cm, 2.0cm, 
and 3.0cm were fabricated. The constraint of time in the. machining restricted the 
use of more lenglhg or diameters. 


4.6 Testing 

For various lengths of the dielectric rod radiators, using varying stripline lengths, 
sll magnitude measurements and input-impedance calculations were made using the 
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Network analyzer. 

For a particular fixed length of the etripline, the sll magnitude and phase mear 
eurcmcnts were made, using dielectric rod radiators of varying lengths. This enabled 
to arrive at the approix-late and optimum length of the strlpllne. The strlpllne length 
■wM reduced In stepe of 0.5mm . 

4.T Radlatiozi pattern i exp^imental setup 

In the absence of an anacholc chamber, a makeshift but elective arrangement was 
made for plotting the approximate radiation pattern of the excited dielectric 
rod antenna. 

The experimental setup, figure 4.7, consisted of the antenna mounted on a rod, 
in the center of a rotary table. The antenna could be aligned In the E - plane or the 
H • plane. The rod, with a pointer at the base, could be moved in steps of, minimum, 
I'*. 

This radiating system was fed by a Wavetek microwave source(8.2 to 12.4 GHa) 
through a coaxial line. 

The receiving end (at a distance of Imeter) consisted of a standard X-band horn 
antenna, also mounted on a rod. This horn was kept stationary and connected to a 
spectrum analyaer (SA). 

Centers of the rod antenims and the horn antenna were aligned and kept at the 
same height from the tabletop. 

Both the transmitting and the recelvlt^ systems were switched ON and the rod 
antenna rotated slightly, in the horizontal plane, to get a peak on the SA. This was 
taken as the 0® alignment. 
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The relative power received, with respect to the peak, was noted as a function of 
angle, 0“ to 180® and 0® to - 180°. 

A set of readln®» having been taken In the B-plane, the rod antenna was affixed 
In the H-plane and the above procedure repeated. 

4.8 Problems 

Ihe fabrication, testing and measurements brought to light a wide sphere of problems, 
the most pressing of which were ; 

1. The time taken In fabrication: Keeping In view the precise and accurate ma- 
chining dlmentdons, a lot of time was wasted during the workshop phase. Upto 
a fortnight In cose of the connector fixture. This limited the variations of the 
other dimensions. 

2. ftodlatlon pattern measurement; This port having to be conducted In the mi- 
crowave laboratory Itself, took upto 3 days for a set of readings, for any one 
structure. The movement of persons In the lab used to create wide fluctuations 
in the readings. Added to this was the reflection from the walls, the equipment 
In the lab, proximity of the walls, the feed assembly and the reader Itself. The 
asymmetry In the patterns brings this out. 
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Dielectric substrate 




' (a) Cross-sectional view of suspended stripline (b) Coaxial to suspended 
stripline launcher — side cross-sectional view (c) View of the laun- 
ching end with top portion of the housing removed. . 


Figure 4.6: Cofloclai to SSL trangltloa 
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Figure 4.7: Radklion paUem meamirement: setup 



Chapter 5 


Experimental Results and Conclusion 

5.1 Introduction 

Thia chapter janalygea the data collected oa the bapip of teertp and meauprementp 
carried out on the dielectric rod antenna, and to establish a working modd for the 
same. 


5.2 Sll Measurement 

The sll measurements on the dielectric rod antenna commenced with a SSL length of 
25mm, from the feed point. This brought the free end to the center of the dielectric 
rod. The test was initiated on the 30mm rod and also repeated on the 20mm and 
lOmm rods,to study the variation of sll with dielectric rod lengths. The results were 
plotted and are presented in the graphs 1 to 4. 

Phase was measured for each frequency reading separately and having obtained 
the si 1 and {Aose parameters the impedance calculations were made with the Fortran 
propam at appendbt 'A*. 

These set of readings were repeated for varying lengths of the strlpline • • • the 
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stripline length was reduced In steps of O.Smm, upto 22mm, l.e. the edge of the 
rod. For eaxh length of the strip line the readings were taken for the three different 
dielectric rod lengths. 

Here, only 4 sets of readings, for strlpllne lengths of 25mm, 24,6mm, 23.6mm and 
28mm are presented. 

The results of these set of graphs is as follows : 

5 . 2.1 25 / 10 , 20,30 

The SSL length was 25mm, thus terminating in the center of the rod. This set of 
readings were repeated for the 10, 20, and the 30mm rod. FVom graphs 1,2,3, and 
4 it is seen that the best match is available at O.SGHz. The other sll dips, not 
consistent frequency- wise for all rods, could probably be due to the cavity effects or 
the termination effects of the SSL. The best sll magnitude recorded was -20 dB for 
the 26/20 (graph 2). 

Graph No. 4 has been plotted os comparison plot for the 3 different rod lengths. 

5 . 2.2 24 . 5 / 10 , 20,30 

The SSL was shortened in length, from the free end side, in steps of 0.6mm. TMs set 
of graphs 9 to 12, for a SSL of 24.6mm shows that the match frequency is 9.76GHz, 
with a sll of -30dB for 24.6/20. 

5 . 2.3 23 . 5 / 10 / 20/30 

For the SSL of 23.5 mm, end the 3 rod lengths gave a best match at 9.82GH» and 
sll of -22dB. The set of graphs 17 to 20 shows that the other sll dips also become 
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conslslen-t, frequency- wise, as the SSL was shortened. 

5.2.4 23/10.20.30 

Graphs 25 to 28 were plotted for a SSL of 23mni. It is seen that the best match is 
available at frequency 0.73QHz but with a sll of only -l2dB. 

The entire set of readings above, were recorded with no measures having been 
taken to nullify the side radiations. These side radiations arise due to the field in 
the dielectric substrate. To counter this, the edges of the SSL substrate were covered 
with aluminium foil. This arrangement, when tightened between the two ground 
planes, reduced the ride radiation to a large extent. 

The above experimental procedure was repeated and plotted as graphs 33 to 36. 

5.2.5 S23/10.20.30 

Here *s’ denotes the short between the two ground planes ly the aluminium- foil. It 
Is seen, from graph 30, that the frequency match Is available at 9.86 GHk with a sll 
of-32dBs. 

This structure provides a +10dB bandwidth of 0.3GHa. 

From the above is evident that the best frequency matches are available for the 
20mm rod. This needs to be analyzed and elaborated upon in the future studies. 

5.3 Side Radiation 

The above arrangement of uring aluminium foil to remove the side radiations, due 
to the field through the SSL substrate, works out fine, easy, and neat for a single 
element. In the case of an array, however, this arrangement is not feasible. For an 
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array, a suggesrted way of susuppressing this radlaVion coaid be the lose of shorting 
pins, interspaced around the rods as shown, figure 5.1 : 



Figure 5.1; Shorting pin. arrangement; Two rod array 


5,4 Impedance and Phase measurements 

Phase was measured for each Yatying structure at the various frequency readings 
separately. With the available values of phase and sll, the input impedance was 
calculated utilising the Fortran program at appendix *A’. These set of graphs are 
plotted as 8,16, 24, 32, 40, and 42. FVom an input impedance value of 34 ohm 
(graph32), the best match to the coaxial line impedance( 50ohm) is available at 
40.73ohra (graph40) for the s23 set of readings. 

A relative comparison of graph32 and graph40 (same SSL leng;th but aluminium 
foil in the latter) gives the distinct advantage of having used the shorting arrange* 



85 


ment. 


6.6 Ikpered rod 

Whole of the observations above and the deductions Is based upon the circular cylin- 
drical rods. A variant, circular conical dielectric rod (SOmrn) was also fabricated and 
tested. The set of gra^^ 41 to 44 covers the sll, phase and impedance characteris- 
tics os a function of the frequency. In this cose the SSL length was maintained at a 
constant 23nim, with the aluminium foil in poritlon. 

The sll plot (graph4l) shows. that the best frquency match was available at 
9.78GHa and provides a sll of -28dB. The input Impedance (graph42) gives us an 
Input Impedance of 47.6ohm at the frequency 9.78QHz. 

5.6 Cylinder vs Tapered rod 

An analysis of the recordings and deductions brings out the fact that the best match 
was presented by the 23mm SSL for the 20mm rod, with the aluminium foil in 
position. However, the variations ore not very significant. Various other shapes, e.g. 
spherical end, stepped rod, etc need to be studied to arrive at a conclusive deduction. 

5.7 Radiation Pattern 

In the absence of an anacholc chamber and a proper arrangement for maldng the radi- 
ation pattern measurement, a modified radiation pattern measurement arrangement 
(chapter 4, sec 4.7) was made in the microwave laboratory. 

This set of graphs Is plotted os graphs 41 to 53 . Both E- and H-plane radiation 
patterns were plotted. It is seen that the H-plane radiation patterns are narrower 
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•than the Erplahe. This Is due to the asymmetric nature of th^ H^umode. 



Th® pattern measurements commenced with the tapered rod (30mm) In the Bi- 
plane, and also in the H-plane. The readings are plotted as graphs 46 and 46 and for 
comparison as graph 47. 

The pattern afrymmetry bet'ween 0^ ' to 180® and 0® JSo — 180® has arisen, prob- 
ably, due to the measurement equipment not being located centrally (equal distances 
from all sides) and also, probably, due to the other equipment. This pattern Includes 
the radiations of the microwave source and the feed coaxial. 

Grapte 48 to 50, for 20mm rod and SSL of 23mm length eiiow that the Bi-plane 
half-power beamwidth is 40® and for the H-plane is 96®. 

A set of readings for the 20mm cylindrical rod and the 30mm tapered rod (SSL 
length oF2Smm) vm repeated but with the aluminium foil, covering the SSL substrate 
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edges, removed. These axe plotled as graphs 51 to 53. It is seeu, oa comparison with 
graphs 45 to 50, that there are lots of side lobes, which were otherwise suppressed . 
by the foil. 

Simple gain calculations using the formula, 

Gcas.) = 

gave a gain of ISdB for the 30mm tapered rod and a gain of lldB for 20mm 
oyliadriool rod. 

5ti Theoretical verification 

Modes higher than the fundamemntal JlBuf [18], mode cannot propagate provided 

The first two higher modes, TEqi and TA/oi, produce a null 
in the end-fire direction. 

6i^ain anti Beamniidih : The gain of a antenna is the product of the directivity 
and the radiation efi&clency. The maximum gain of a antenna occurs, 100 
p - koL = IT, and the gain is f^ven by, 

G = 4Cj^, where the gialn factor ^ is, ^ ~ 1.8 + 

If the length of the rod antenna is incraeased, the gain will monotonically increase 
and the beamwidth will decrease, but the ride-lobe level will go up. 

The half-power beamwidth of a majdmum gain design is j^ven by, 
Bbb = ©Btf 55^ degrees. 

Beamwidths narrower than about 20° are difficult to realiae in practice, [18], with 
a single dielectric rod. For narrower beams, a linear array of rod radiators may be 
used. Since the radiating elements are of the surface wave type, mutual coupling 
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must be taken Into consideration while analyzing. ' 

5.9 Scope for future work 

This experimental study has been studied only In terms of variations of rod lengths 
(upto A) and stripline lengths. Future studies could be carried out on the following: 

• Effect of cavity backing, on radiation characteristics. 

• Effect oF moisture on the radiator surface. 

• Antenm. characteristics as a function of the dielectric rod diameter. 

• Effect of dielectric constant on\h.e antenna characteristics, keeping other phys- 
ical dimensions same. 

• antenna arrays, linear and rectangular. 

5.10 CONCLUSION 

This thetis has presented an experimental study of a dielectric rod radiator charac- 
teristics as a function of the dielectric rod lengths, shapes, and stripilne lengths. The 
salient features of the SSL excited dielectric rod radiator are : 

V 

• All rods, but one, are of cylindrical shape. 

• Only one tapered rod was used as a comparative study. 

• The effect of shorting out the side radiation was studied both in Impedance 
tests and radiation patterns. 

• the antenna has a compact and mechanically robust construction. 
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• Ideally suited for ajrray applications, however this has to be studied and con- 
firmed. 
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Appendix- " A ’ 


complex sii(30;, zldQ'} 
imtager- i, nmax 

real ma^ f 3 C ) , nta^db f 3 C ) , pl'ia ( 30 1 
real i'reqtSO), sG 

opem' unit -- 10, £ 3. ‘i <s •- ' inf i ie . f or ’ 
ope:j(unit - 30, file - 'outfiie.for 

do i = i , tiJiiai: 

read( 1 0 , ''' 1 £ re 4 ( i ) I ) , plia( i 3 

•iirii’I cio 


3 




30 


■5 3.1415927 / 130.0 

nC 50.0 
do i = i,rimajv 

fiiatxC i 3 - 1C * * f magdlX i j / 2C . 0 3 
A COf3 C q *■ ph* ( i ) 3 
j' •'■ sin, ( q * pha( i 3 ) 

3 1 1 ( i 3 - iaag ( i ) * croplxf x , y ) 
cl(,i:;-iO*a .C-^siiCi); / (l.C-s 
writeC20,303£req( fi3 ,sl(i3 
end do 

format f £ 0 . 3 , 5x , f 1 0 . 4 . 2x , f X 0 . 4 3 

.^top 

end 
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